Placebo effects are beneficial health outcomes not related to the relatively direct biological effects of an intervention and can be elicited by an agent that, by itself, is inert. Understanding these placebo effects will help to improve clinical trial design, especially for interventions such as surgery, CNS-active drugs and behavioural interventions which are often non-blinded. A literature review was performed to retrieve articles discussing placebo implications of clinical trials, the neurobiology of placebo effects and the implications of placebo effect for several disorders of neurological relevance. Recent research in placebo analgesia and other conditions has demonstrated that several neurotransmitter systems, such as opiate and dopamine, are involved with the placebo effect. Brain regions including anterior cingulate cortex, dorsolateral prefrontal cortex and basal ganglia have been activated following administration of placebo. A patient's expectancy of improvement may influence outcomes as much as some active interventions and this effect may be greater for novel interventions and for procedures. Maximizing this expectancy effect is important for clinicians to optimize the health of their patient. There have been many relatively acute placebo studies that are now being extended into clinically relevant models of placebo effect. 
Background
In clinical trials, substances or procedures that are designed to serve merely as control conditions may actually produce an effect on subjective or biomarker outcomes. These indirect effects of biologically inert substances or inactive procedures will be considered under the umbrella term placebo effects (Kaptchuk,1998b; ; Oken, 2004; Benedetti et al., 2005) . The term placebo effect will be used to refer to a physiological state anticipating and contributing to the occurrence of some future health-related outcome through learning, conditioning or other related process.
Other terms used to describe these effects include expectancy effects (Crow et al., 1999) , context effects (Di Blasi et al., 2001 ) and meaning response (Brody and Brody, 2000; Moerman, 2002) . Some placebo researchers have used the term expectancy narrowly to mean placebo effects due to anticipation that has been verbally or consciously mediated. Meaning response more clearly includes expectancy effects that impact health besides the placebo effect such as cultural effects (Moerman, 2002) , uncertainty in diagnosis and prognosis (Thomas, 1987) The natural history is particularly problematic, since it is impossible to infer anything about the frequency or size of placebo effects without a control for the placebo condition. Unfortunately, it is rare in modern clinical trials to have untreated control groups. A recent systematic review of placebo effect found only 114 clinical trials out of all clinical trials spanning several decades that had both a placebo treatment arm as well as a non-treatment arm in a clinical trial (Hrobjartsson and Gotzsche, 2001 ). Subject biases resulting from non-blinding especially in a cross-over design may confound placebo research (Ader, 2000) . Placebo effects presumably have different mediators depending on the specific learned association and whether referring to acquisition of the association or the placebo response. The CNS is the primary location and mediator of the physiological basis of the placebo effects through its role in learning and memory and its outputs on sensory, motor and autonomic pathways as well as the immune and endocrine systems. People have individual traits that predispose them to be more or less responsive to certain stimuli; the interaction between the learned associations of the clinical situation and the person's particular biology produces a response. The response could be a basic physiological process such as modulation of sensory processing, release of neurotransmitters or alterations in hypothalamic-pituitary-adrenal axis or immune system activity. The placebo response could also be some more complex physiological process including change in mood, change in particularly important for immune or endocrine placebo effects (Kirsch, 2004). Animal models are useful models of some components of placebo effects but are intrinsically limited placebo effect models since there are no verbally mediated expectancy changes. Conditioning in placebo research studies has consisted of exposure(s) prior to administration of placebo of either the active drug itself (Laska and Sunshine, 1973; Amanzio and Benedetti, 1999), or of an apparent effect of a placebo, e.g. due to surreptitiously turning down the pain intensity at the same time as placebo is administered (Voudouris et al., 1989) 
Trial designs and placebo effects
Placebo effects contribute to variability in outcome data from randomized double-blind trials. A systematic review of 117 ulcer studies found that the response rate in placebo arms varied from 0 to 100%, much more variable than the cimetidine or ranitidine response rates in the same studies (Moerman, 2000) . However, simply considering these placebo effects to be noise or confounders in clinical trials is not helpful to understanding the mechanisms (Kaptchuk, 1998b) . Even worse, excluding placebo responders during wash-in periods in clinical trials, as is now being occasionally done (van Dongen et al., 2000) , is of questionable merit and ethics; placebo responders may be most likely to benefit from a biologically active treatment and their exclusion compromises the generalizability of clinical trial results (Kaptchuk, 1998a; Pablos-Mâendez et al., 1998). The patient's belief regarding their allocation to an active or placebo group may produce a greater effect than the active intervention drug itself, such as in surgery for Parkinson's disease (McRae et al., 2004) , and acupuncture for adjunctive treatment for dental surgery (Bausell et al.,2005) . Even with this information, patient expectancies are still not routinely assessed during clinical trials or incorporated into the analysis. In routine clinical practice when patients are given a known drug, the effectiveness of the drug is a combination of a non-specific placebo effect and the biologically active effect. In double-blind placebocontrolled trials the direct biological effect is assumed to be the difference between the active and placebo arms. However, since the direct biological and non-specific placebo effects may not be simply additive, conclusions from double-blind placebo-controlled trials are not straightforward (Kleijnen et al., 1994; Kaptchuk, 1998b). Informed consent may alter the effectiveness of the placebo compared with the active agent in comparison to a situation where agents are administered without giving patients information concerning the study (Bergmann et al., 1994 al., 1999) . A non-steroidal anti-inflammatory drug (NSAID) produced significantly greater dropout rates related to ineffectiveness compared with the same drug being tested in an active drug comparison. On the other hand, patient dropouts were greater for adverse events in the trials in which the NSAID was compared with another drug than in placebo-controlled trials (Rochon et al., 1999) . Thus, given the same active NSAID, subjects had different experiences based solely on whether the other arm of the trial was a placebo arm or an active drug arm, despite the fact the patient was not in that other arm but simply knew about it. Post-thoracotomy patients given saline but told it was pain medication had significantly less need for analgesic medication than those not told anything. Subjects told they were in a double-blind study of a pain medication (and so having a 50% chance of receiving pain medication or placebo) had a lowered need for analgesics following saline administration that was approximately half-way between the subjects not told anything during administration of saline and the subjects deceptively told they were getting an analgesic medication (Pollo et al., 2001 ). The placebo effect may be disproportionately large for non-blinded therapies potentially resulting in what has been called the efficacy paradox (Walach, 2001 ). This may occur, for example, when a therapy has efficacy when compared with a drug, but little treatment effect when compared with an appropriate placebo or sham. While all therapies are held to the high standard of showing benefit over controls matched well for expectancy, the overall effect-the combination of the non-specific and specific effects-may be reasonably high with only a small specific effect. This may be the case for surgical procedures where non-specific beneficial effects may be very prominent but sham surgery is not often used as a control. This may apply similarly to other nonblinded procedures such as acupuncture where the incidental, non-specific effects may be components of the therapy (Paterson and Dieppe, 2005). While having a control group that is matched for expectancy or credibility to an active non-blinded intervention is critical (Shapiro,1981) , it may be difficult or potentially impossible to design such an ideal control group for certain interventions such as psychological and behavioural interventions. There is some data to suggest that placebo effects are greater for psychological and self-rated measures than other objective measures of disease activity (Hrobjartsson and Gotzsche, 2001) . A study that evaluated patients in placebo arms of rheumatoid arthritis drug trials found essentially no change over 6 months on the erythrocyte sedimentation rate but there was a significant improvement in articular index and morning stiffness al., 1996) . In the simplest balanced placebo design, subjects are assigned to one of four groups: subjects are either given an active drug or placebo and either told they are getting an active drug or told they are getting placebo. Even though not having a control for the placebo condition, the balanced placebo has shed light on expectancy effects. For example, in a balanced placebo design among cocaine abusers, administration of methylphenidate when expecting to receive methylphenidate produces significantly increased brain glucose 
Individual differences and psychological factors impacting placebo effects
Perceived self-efficacy refers to a psychological construct concerning the belief in one's abilities to organize and execute behaviours with experimental manipulation of self-efficacy impacting stress, autonomic nervous system activation and neuroendocrine changes (Bandura, 1997). Health-related self-efficacy may be one mechanism of the placebo effect. Treatment regimens that actively engage the patient to have some sense of control over their disease process may produce better outcomes than those that are less actively engaging to the patient. Studies with adequate control groups that can clearly differentiate positive expectancy from selfmanagement are lacking ( ., 1999) . It could be argued that, given the potential benefit of sham surgery secondary to placebo effects, the sham surgery should not be considered to have no potential benefit to the research subject.
Clinician and clinician-patient interaction factors impacting placebo effects There have been studies trying to evaluate the effect of clinician personality traits or interaction style. In a study of analgesia for post-dental extraction pain, dental hygienists and dentists were instructed to be warm or neutral in their interaction style, i.e. engaging in more social conversation or not. The clinicians were also told to oversell or undersell the effectiveness of a pill to reduce anxiety and sensitivity to pain from the mandibular block injection. The pill was always a placebo in this single blind experiment. The effect of overselling compared with underselling the placebo was very significant on ratings of pain, anxiety and fear of injection. The interaction style had a smaller but still significant effect (Gryll and Karahn, 1978 ). An earlier study evaluating responsiveness to an anti-anxiety agent in 138 patients in three clinical sites found significant effects on outcome when the clinician was more positive and enthusiastic about medication compared with being less certain and experimental towards the medication (Uhlenhuth et al.,1966) . In another study, instructions prior to receiving a lactate infusion affected pCO2 and respiratory rate. Subjects told the infusions may cause unpleasant bodily sensation similar to those experienced during periods of anxiety had greater increase in respiratory rate and decrease in pCO2 compared with subjects who were instructed they would have feelings of pleasant excitement (van der Molen and van den Hout, 1988). Diagnosis and diagnostic testing may impact clinical outcomes. One study randomized patients who had symptoms without major pathology to several groups. Subjects were given a firm diagnosis by the physician and told they would be better in a few days or the physician told them s/he was not certain what was the matter. Patients were also randomized to receive a prescription or not in each group. Patients who were given a specific diagnosis and told they would get better did in fact get better more frequently than those not given a diagnosis (Thomas, 1987) . This same study found that although giving a diagnosis had a significant impact, prescribing a drug as part of the management had no impact on outcomes. The ordering of diagnostic tests also appears to improve patient satisfaction and well-being. In one study, patients with non-specific chest pain felt not to be related to heart disease were randomized to receive no further testing or to have an electrocardiogram and creatine phosphokinase blood test. Patients receiving the diagnostic testing did significantly better in terms of their short-term disability and satisfaction with care (Sox et al., 1981) . Clinicians who provide too many negative details of an intervention may elicit a nocebo effect. While this was suggested in a small study looking at post-lumbar puncture headache (Daniels, 1981), it was not observed in a larger study of patients receiving new prescriptions for angiotensin-converting enzyme inhibitors, trimethoprim-sulfamethoxazole or NSAIDs (Lamb et al., 1994) . Clinicians who strongly advocate a new procedure for a disease often have significantly positive results. New procedures or drugs are initially heavily advocated for by clinicians but the interventions may have decreased efficacy over time. For example, the healing rate for cimetidine across over 50 controlled trials for peptic ulcer disease began decreasing in the 1980's while the response rate to a newer agent, ranitidine, remained stable across trials in the same time period (Moerman, 2002) . More subtle clinician biases have also produced clinical changes in controlled studies (Levine and Gordon, 1984; Gracely et al.,1985) .
Neurobiology of placebo effects
There has been increasing research on the neurobiology of placebo effects (Stoessl and de la Fuente- et al., 2003) . Dopamine release in the striatum was enhanced with a placebo dopaminergic agent in a group of Parkinson's patients as determined by raclopride PET scanning (de la Fuente-Fernandez et al., 2001) . It is uncertain if this effect was specific to the dopaminergic deficit in neostriatal motor pathways in Parkinson's disease or if it was a more general expectancy related to dopamine changes in the nucleus accumbens or other nearby modulatory regions that are less specifically associated with Parkinson's disease. In a small study of placebo analgesia, there was a correlation between striatal dopamine receptor binding potential and pain thresholds but not with placebo induced elevations of pain thresholds (Martikainen et al., 2005) . Dopamine release in the nucleus accumbens as demonstrated with raclopride PET scanning was found to be directly correlated with degree of placebo analgesia (Scott et al., 2007). It has been theorized that dopamine signalling as a marker for discrepancy between predicted and actual reward may be the critical aspect for its role in the placebo effect (Irizarry and Licinio, 2005). Dopamine release in the anterior cingulate cortex (ACC) associated with expectancy of reward in a monetary gaming task has been associated with dopamine release in the same region with placebo analgesia (Scott et al., 2007) . The temporal course of this signalling is discounted for longer periods to the expected reward, highlighting the potential differences between a clinical intervention given as a single dose or over a longer time period. Additionally, the anterior cingulate, an area rich in dopamine receptors as well as opioid receptors has been activated by placebo analgesia (see subsequently). The endogenous opioid system is critically important for placebo analgesia and likely plays a role for other placebo effects. The role of opioids has been demonstrated by the ability of naloxone, an opioid receptor blocker, to antagonize placebo analgesia (Levine et al., 1978 ; Amanzio and Benedetti, 1999). Additionally, the opioid-mediated analgesic placebo response is enhanced with proglumide, a cholecystokininantagonist that modulates opioid activity, even though proglumide has no analgesic effect on its own (Benedetti, 1996) Another projection system that may relate to the placebo effect is the serotonin system through its relationship with mood and stress (Lucki, 1998) . One trial found that changes in brain glucose metabolism using PET were in similar brain regions of patients responding to placebo and to fluoxetine during treatment of depression, including increases in prefrontal, anterior cingulate and other cortical and subcortical regions (Mayberg et  al., 2002) . Unfortunately, the placebo arm contained some counselling or other active intervention. This highlights the difficulty of evaluating placebo effects in depression because of the reliance on data from placebo arms of clinical trials that do not have an adequate control group for studying placebo effects. 
Current experimental methodologies for placebo research
Studying placebo effects requires a control for the placebo condition. These studies require some deception, ranging from simply not informing subjects of the intention of the study to overt deception about the drug they are receiving. There are ethical guidelines guiding deception in a research study. These guidelines include the study should be minimal risk, there is no other way to answer the scientific question and there is a debriefing at the end of the study where subjects are told about the deception and they have the right to withhold their data 
Stress response and placebo effects
A clinical intervention may provide cognitive benefits due to stress reduction, decreased anxiety or improvement of mood. Mesolimbic and mesocortical modulations of the stress may be one mechanism of the clinically beneficial expectancy effect (Fricchione and Stefano, 2005) . Level of anxiety correlated with placebo analgesia effect and this relationship was independent of the opioid system (Vase et al., 2005) . Reduction in negative emotions may be a critical component of placebo analgesia (Vase et al., 2005) and perceived stress may impact placebo responsiveness to cognitive enhancement (Oken et al., 2008) . Cortisol has also been altered by experimental manipulation of expectancy in placebo analgesia studies (Benedetti et al., 2003;  Johansen et al., 2003) . A formal meta-analysis suggested that non-suppression of cortisol on a dexamethasone suppression test predicted poorer response to placebo (Ribeiro et al., 1993) . Many aspects of psychoneuroimmunology (Ader et al., 2001 ) may also contribute to aspects of the placebo response, both in its potential relationship to conditioning and in relationships mediated by stress that are affected by many facets of medical provider-patient interactions.
Placebo studies in clinical conditions Pain
The pain system is the best-studied model of placebo effect (Turner et al., 1994) . Following removal of impacted third mandibular molars, the reduction in pain perception from an inert substance experienced by placebo responder subjects could be attenuated with administration of naloxone while others without a placebo response had no change in pain when administered naloxone (Levine et al., 1978 ; Levine and Gordon, 1984) . The latency of the improvement in pain ratings following intravenous administration of inert drug was >5 min.
The response to placebo was greater in subjects who had higher initial pain ratings (Levine et al., 1979) . While naloxone may reverse placebo analgesia, there is another component of the placebo analgesic effect that is not blocked with naloxone (Gracely et al., 1983) . From more recent research it appears that only some of the placebo analgesic effect is mediated via opioid pathways (Benedetti, 1996; Benedetti et al., 1997) . In an ischaemic arm pain model in healthy humans, subjects were given either an opiate (morphine) or NSAID (ketorolac). Analgesia observed on the following day when subjects were given saline but told it was an active drug is presumably related to placebo effect. This improvement, postulated to be partially related to conditioning, can be blocked completely with naloxone following morphine days but not following ketorolac open condition is important: the measure being evaluated, total analgesic dose required by the patients, was significantly lower in the open than hidden condition but still had a greater variance. In some sense, responsiveness to placebo varied more across subjects than truly blinded (i.e. not knowing whether any medication was administered) response to analgesics. In addition to opioids, cholecystokinin has been related to placebo analgesic effect (Benedetti et al., 1997) . Proglumide, a cholecystokinin antagonist, has been shown to increase the placebo effect in an experimental pain condition (Benedetti, 1996) . Of some interest, this effect was only seen in placebo responders and placebo non-responders had no change in pain with proglumide. As mentioned earlier, PET and fMRI studies in healthy subjects during experimental pain have demonstrated that areas of activation by opioid and placebo analgesia were similar. The spatial extent and degree of cerebral activation was often greater for the opioid effect than for the placebo effect. There were differences in activation between the high and low placebo responders.
Parkinson's disease -Fernandez et al., 2001) . Motor testing was not performed at the same time since changes in motor performance would directly alter the PET scanning, so it is unclear how the PET results directly relate to motor improvements. Expectancy effects related to surgery in Parkinson's disease have produced effects comparable with the surgery itself. Subjects believing they received real surgery had better outcomes than those believing it was sham surgery, whether or not they actually received the real or sham surgery (McRae et al., 2004) . In a small number of Parkinson's disease patients who had subthalamic stimulators in place, there was better motor performance when subjects believed the stimulator was functioning compared with being told the stimulator was being turned down (Pollo et al., 2002) and there appeared to be increased subthalamic firing rates related to the placebo effect (Benedetti et al., 2004) .
Multiple sclerosis
Some intervention studies have had more than one assessment prior to beginning active treatment so the placebo effect can be partially evaluated by comparing the placebo treatment data to the baseline period data. The placebo control group in one interferon β-1a study had a 20% decrease in MRI lesion number compared with the baseline period (OWIMS, 1999). In another interferon β-1a trial with just a single baseline assessment there was also a placebo-group improvement in MRI, as assessed by the number of gadolinium-enhanced lesions (Jacobs et al., 1996) . However, given the unpredictable course of the disease, it is difficult to clearly differentiate placebo effect from natural history in the published multiple sclerosis trials.
Epilepsy
Significant improvements in frequency of seizures, usually defined as a >50% reduction, are not uncommon in placebo arms of anticonvulsant trials (Cereghino et al., 2000; Jones et al., 2002) . However, as with multiple sclerosis, the disease course is relatively unpredictable and no trials have directly evaluated the placebo effect with a natural history control. Most current anticonvulsant trials are add-on or comparison trials so further data on placebo effect may be limited. Patients with non-epileptic seizures of psychogenic origin, may have their typical spells induced by placebo (saline injection, tilt table manoeuvre or simple suggestion) but a high false positive rate should preclude its routine clinical use (Bazil et al.,1994) .
Ageing and dementia
Healthy 65-to-85-year-old subjects taking a pill they are told was a cognitive enhancer performed better on word list delayed recall and several other cognitive tests than those not taking any pill (Oken et al.,2008) . There was a suggestion this placebo effect was greater in subjects with higher self-rated stress as well as in older subjects. An improvement in cognition has also been seen during the first 1-2 months of double-blind placebo-controlled trials in Alzheimer disease (Rogers et al., 1996; Wilcock et al., 2000) . These effects were not large and averaged only 0.5-1 point on the 70-point Alzheimer Disease Assessment Scale-Cognitive Subscale. These short-term improvements in placebo arms of trials are perhaps related to learning effect but some of the outcome measures are not very sensitive to learning effects and the learning effect would be expected to carry over into succeeding test sessions but it does not. Additionally, many patients with Alzheimer disease in clinical trials who have received placebo fare better than comparable prior natural history control data. Although this may also be related to placebo effect, there are other explanations as well, including subject selection and Hawthorne effects. Subjects with Alzheimer disease are likely to have diminished or absent placebo effects at some point in the disease, perhaps related to frontal dysfunction. One recent study evaluated placebo analgesia in patients with Alzheimer disease through comparison of open and covert administration of lidocaine (Benedetti et al., 2006) . The Alzheimer disease patients, with a mean Mini-Mental State Examination (MMSE) score of 24, demonstrated a placebo effect evidenced by increased effect of the open administration compared with covert administration of analgesic. At the time of follow-up a year later, with a reported mean MMSE score of 15.6, there was no longer evidence of a placebo effect. The size of the placebo effect was not correlated with MMSE but was correlated with performance on a frontal lobe assessment battery, with less impaired frontal function associated with greater expectancy effects.
Conclusions
There are factors related to a clinical interaction that may produce improvement in patient outcomes without directly affecting the underlying pathophysiology of a disease. Methodological artefacts have contributed to confusion about these factors. However, there are clearly effects on outcomes that are dependent on patient expectations, whether these expectations are related to culture, previous interactions with the clinical setting, verbal communication, conditioning or some combination of these factors (Fig. 1) . These placebo effects are mediated through changes in neocortical and subcortical systems. It will be helpful to have a biological understanding of the placebo effect in order to try to maximize people's health beyond simply the power of positive thinking. It is likely that some therapies and therapists have been successful in improving people's health because of their utilization of these beneficial effects. Sustaining these effects is important and many current placebo effect studies actually serve to extinguish the beneficial placebo response through lack of reinforcement of the response. Additionally, improving clinical trial design and interpretation will require a better understanding and characterization of non-specific responses comprising the placebo effect, potentially to ensure intervention groups are better matched on placebo responsiveness (or at least on expectancy of improvement), especially for non-blinded interventions. 
